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INTRODUCTION

« PROVIDES A FUNDAMENTAL FRAMEWORK TO FACILITATE
FLIGHT OPERATIONS PLANNING AND DECISION MAKING
DURING AEROBRAKING

=> SYSTEMS LEVEL VIEW OF AEROBRAKING OPERATIONS

— BASED ON THE USAGE OF THE MISSION OPERATIONS SYSTEM
(MOS) CORE PROCESSES

— ILLUSTRATES (AT THE PROCESS LEVEL) THE DATA PATHS AND
FLOW NECESSARY TO SUPPORT AEROBRAKING OPERATIONS
DECISION MAKING - SHOWS THE MOS PROCESS INTERACTION AS
PARALLEL AND SERIAL ACTIVITIES

— |IDENTIFIES KEY DECISION JUNCTURES THAT LEAD EITHER TO THE
NEXT AEROBRAKING SUB-PHASE OR A PATH THAT MAY FORCE AN
AEROBRAKING DELAY

APL MDJ-2
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ORBIT INSERTION PHASE TIMELINE (LAUNCH PERIOD OPEN)

MOl MOI1+30 MOI1+60 MOI1+90 MOI1+120 MOI+150 MOI1+180
SUB-PHASE AEROBRAKE GRAVITY CAL MAP CONFIG
(duration in days) [ walkin (20) | Main Phase (82) [ walkout (20) | 27 | [ 10 |
ORBIT EVENTS
Earth Occultation | I
Solar Eclipse |
Orbit Period (hrs) 48 24 12 8 6 4 2
MOI (09/11)
v AB 1 (09/21) ABX (01/21) TMO (02/17) OTM (03/01)
V¥ AB2 (09/29) v v v
MANEUVERS AB3 (10/04)
¥ Main Engine AB4 (10/11)
Thrusters .
7 ABMs (as required up to 1 per day)
A
Drag Pass Rehearsal Start of Mapping (03/13)
Sept 1997 Oct 1997 Nov 1997 Dec 1997 Jan 1998 Feb 1998 Mar 1998
JpL MDJ-3
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AEROBRAKING OPERATIONS DECISION PROCESS PROCESS OWNER
=> MARS SURVEYOR OPERATIONS PROJECT (MSOP) FLIGHT OPERATIONS MANAGER <=

Navigation Update ABM Decision &
Process ABM Decision and Implementation Process
Implementation Process Precursors Complete

(6/14/97)
MISSION
OPERATIONS \O,\_m:mcéﬁ Design _u_.oomww
CORE PROCESSES

Spacecraft Health Monitor
Process

Underlying Sequence
Update Process

NI

Atmospheric Modeling
Process

INITIALIZE AODP
ENCOUNTER-60 DAYS

& PHASE 1

- Mars Approach Observations

- Capture Orbit Assessments

- Drag Rehearsals and Assessments

- Science Data Collection
Opportunities (Periapsis)

- Aerobraking Initial Walk-in (AB1)

FINAL
PRE-AEROBRAKING
PREPARATIONS

& PHASE 2

- Aerobraking Walk-in
(AB2/AB3/AB4/ABi's)

- Aerobraking Main Phase
and Walk-out (ABM's)

ACTIVE
AEROBRAKING

AEROBRAKING
TERMINATION (ABX) MDJ-4
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AODP PHASE 1 - FINAL AEROBRAKING PREPARATIONS

MARS APPROACH OBSERVATIONS / CAPTURE ORBIT ASSESSMENTS

MOI Maneuver Design
and Execution

Mars Approach Observations

MGS Flight

Observations
(MOC)

MGS Ground

Observations
(Kitt Peak)

MPF
Landing
714197

MPF Entry
Accelerometer

Data

APL

S/C Upset Event Can Occur At Anytime
(Independent Of Periapsis)
S/C Enters
Contingency > Recovery
Or Safe Mode Procedures
(Lose Inert Ref) Normal
b Spacecraft
Operations
S/C Subsystem S/C Subsystem Restored
Anomal > nomaly
Umﬁmoﬁmﬁ Response
Procedure
Spacecraft . _m.<m_cmﬁm.
Anomaly Path Mission Options
W List
S/C Health Yes W
Monitor
Spacecraft

Process
Drag Pass Rehearsal(s)

Science Data

MOI Mnvr
Take Opportunities

Periapsis
(Rev 1)

9/11/97

Mnvr Design Process
AB1 (Hp=150 km)

_w

NAV Update
Process

Capture
Orbit Period
Nominal?

2

- No
Atmospheric
Modeling Evaluate
Process Mission Options A
List

Mission Options List
- Continue Baseline Profile (Press On)
- Delay AB1 By N Revs
- A/B Profile Redesign For Higher or
Lower Q-Dot (Heating Rate)

- Period Reduction Maneuver MDJ-5
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S/C Upset Event Can Occur At Anytime

(Independent Of Periapsis)
S/C Enters
Contingency b Recovery
Or Safe Mode Procedures
(Lose Inert Ref) S ZQBm_n
> pacecra
Operations
S/C Subsystem S/C >wm_w_ww_w83 Restored
Anomaly b Response
Detected Procedure
No Adjust
No
s e No o 50 BRlock | Lo
Anomaly Path Drag Block >
W Parameters
Spacecraft Drag Rehearsals
(Mnvr To Drag Attitude) S/C Health Spacecraft .
Monitor Systems ~Yes Drag Pass >ﬂ_%mvmw_m
Process Nominal? Rehearsal _m<|' Execute AB1 \
Periapsis Passages Yes
Rev 3, Rev 4, Periapsis \ &
and Rev 5 Passages \
I_uvmﬂuzwmo:_ms & Mnvr Design Active
Process - AB1 Aerobraking
Process @
No Initial
MGS Fliaht Atmospheric Entry
l¢] (Hp=150 km)
Q|' Observations & «A
Sci (TES, MOC) Atmospheric
cience )
Onmu:m Collection _<_OQ®__3©
pportunities
(Post-Drag Turn) MGS Ground Process
Observations
(Kitt Peak)
APL MDJ-6
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WALK-IN, MAIN PHASE, WALK-OUT
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S/C Upset Event Can Occur At Anytime

(Independent Of Periapsis) S/C Enters
Contingency b Recovery
Or Safe Mode Procedures
(Lose Inert Ref) Execute
S/C Threat Unplanned
Critical? ABM
S/C Subsystem m\o>wmww\_w63
w:w:dw;m P Response
etecte
Procedure No
v A/B Execute
€s S/C Anomaly Delay Emergency
W Spacecraft Advisory ABM
Anomaly Path (Subsystem
Redline) W

S/C Health
Monitor

ABM and/or ABX
Specification

Mnvr Design

Process Primary W (Mnvr AV Select) Process - ABX
Data Path AIUH)&_.Ow _A_,:v
Aerobraking _ Anomaly No ABM Decision &
Periapsis oAy Detected? Implementation
(Drag Pass) % Process
NAV Update A ves L Mmoo
Walk-in: Process Navigation A>ﬁ30m Um:m_qv Phase 1 Observations

Hp = ~300 to ~110 km Anomaly Path

May Tweak post-AB1

APL

Per = ~48 to ~40 hrs ' Altitudes
>_<_m._3 Phase: m MGS Flight ‘. Yes
= | i No inal ABM
Hp = ~110 km | Observations Mnvr Epoch?
Per = ~40 to ~3 hrs W Atmospheric (TES, MOC) Apoapsis
/_m_<m_x-oﬂ”o o 145 : Modeling Execute ABX
p=- 0 m Process
Per=~3to 2 hrs MGS Ground B At
Lifetime = 3 days . Observations Yes
Atmospheric Model Ax_:” _Umm_xv Complementary
Updates - Infrequent Data Sources Execute ABM
< ” (updated AV Aerobraking
P magnitude Terminated
and quaternion)

Normal Operations \

Flow

Normal S/C Ops
Recovery Path

MDJ-7
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SPACECRAFT HEALTH MONITOR PROCESS

— TO MONITOR SPACECRAFT HEALTH AND PREDICT SPACECRAFT
PERFORMANCE

NAVIGATION UPDATE PROCESS

— TO GENERATED TRIGGER COMMANDS FOR SPACECRAFT DRAG PASS
SCRIPTS AND TO GENERATE SPACECRAFT EPHEMERIDES

UNDERLYING SEQUENCE UPDATE PROCESS

— TO UPDATE SPACECRAFT SCRIPT INTERNAL TIMING DUE TO ORBIT
PERIOD CHANGES AND TO COMMAND SCIENCE ACTIVITIES

MANEUVER DESIGN PROCESS

— TO DESIGN AND IMPLEMENT THE CRUISE TCM'S (TRAJECTORY
CORRECTION MANEUVERS) AS WELL AS OTHER SELECT PROPULSIVE
MANEUVERS (I.E. MOI, AB1, ABX, TMO, ETC.)

MDJ-8
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« ABM (AEROBRAKING TRIM MANEUVER) DECISION AND
IMPLEMENTATION PROCESS
— TO SELECT AND IMPLEMENT THE AEROBRAKING WALK-IN MANEUVERS

POST-AB1 (AB2/AB3/AB4/ABi) AND TO SELECT AND IMPLEMENT THE
NEXT ABM MANEUVER FOR CORRIDOR CONTROL MAINTENANCE

« ATMOSPHERIC MODELING PROCESS

— TO UPDATE THE ATMOSPHERIC MODEL TO REFLECT CHANGING
ATMOSPHERIC CONDITIONS AND TO BETTER UNDERSTAND
ATMOSPHERIC BEHAVIOR

APL MDJ-9
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PHASE 1 - FINAL PRE-AEROBRAKING PREPARATIONS

— MARS APPROACH OBSERVATIONS
PURPOSE: OBSERVE MARTIAN ATMOSPHERE DURING APPROACH

CHARACTERIZED BY: NOMINAL FLIGHT OPERATIONS COUPLED WITH THE
INITIATION OF FLIGHT AND GROUND BASED OBSERVATIONS

TERMINATED BY: MOl MANEUVER

— CAPTURE ORBIT ASSESSMENTS

PURPOSE: DETERMINE CAPTURE ORBIT AND ASSESS SPACECRAFT STATE AS A
RESULT OF THE MOl MANEUVER

CHARACTERIZED BY: NOMINAL FLIGHT OPERATIONS
TERMINATED BY: INITIATION OF THE SPACECRAFT DRAG REHEARSALS

— SPACECRAFT DRAG REHEARSALS / INITIAL WALK-IN (AB1 MNVR DESIGN)
PURPOSE: FINAL PREPARATIONS FOR AEROBRAKING

CHARACTERIZED BY: SPACECRAFT DRAG REHEARSAL AND ASSESSMENTS
(MANEUVER SPACECRAFT TO THE AEROBRAKING DRAG ATTITUDE) AND
SCIENCE DATA COLLECTION OPPORTUNITIES AT PERIAPSIS

TERMINATED BY: AB1 EXECUTION

JpL MDJ-10
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PHASE 2 - ACTIVE AEROBRAKING

— WALK-IN (AB2/AB3/AB4/ABi)

PURPOSE: CHARACTERIZE THE MARTIAN ATMOSPHERE DURING LATE
SEPTEMBER / EARLY OCTOBER 1997

CHARACTERIZED BY: ESTABLISHMENT OF MARTIAN ATMOSPHERIC CONDITIONS
THROUGH MULTIPLE REDUCTIONS IN PERIAPSIS ALTITUDE

TERMINATION CONDITION: ESTABLISHMENT OF MAIN PHASE NOMINAL HEATING
RATES - Q-DOT,, = 0.38 W/CM?
— MAIN PHASE (ABM'S)
PURPOSE: LARGE SCALE REDUCTION OF THE ORBIT ENERGY

CHARACTERIZED BY: MAXIMUM NOMINAL SPACECRAFT HEATING RATES,
INFREQUENT Rp LOWER (ABM) MANEUVERS, ARGUMENT OF PERIAPSIS
DRIFTS TOWARD THE NORTH POLE (w = ~100.0 deg at LP OPEN)

TERMINATED BY: ESTABLISHMENT OF A 3-DAY ORBIT LIFE TIME
—  WALK-OUT (ABM’S)
PURPOSE: CONTINUED REDUCTION OF THE ORBIT ENERGY UNTIL PROPULSIVE
MEANS CAN ESTABLISH THE MAPPING ORBIT

CHARACTERIZED BY: MAINTENANCE OF 3-DAY ORBIT LIFE TIME, REDUCTION IN
THE SPACECRAFT NOMINAL HEATING RATES, DAILY Rp RAISE (ABM)
MANEUVERS, ARGUMENT OF PERIAPSIS CROSSES THE NORTH POLE AND
DRIFTS SOUTH

TERMINATED BY: APOAPASIS ALTITUDE =450 KM,

JPL DESCENDING NODE TIME = 2:00 PM MDJ-11
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AEROBRAKING OPERATIONS DECISION PROCESS

RESPONSE TO MDT Al #41 (1 OF 2)

MDT Al #41 - CLARIFY FLIGHT TEAM INVOLVEMENT IN THE
AEROBRAKING OPERATIONS DECISION PROCESS (AODP) AND
DEFINE TEAM INPUT PRODUCTS FOR THE AODP

AODP HAS BEEN UPDATED -

REVISITED THE OVERALL AODP PROCESS FLOW
DATA PATHS AND DATA FLOW ARE CLEARLY DELINEATED

DECISION JUNCTURES NECESSARY TO SUPPORT FLIGHT
OPERATIONS PLANNING HAVE BEEN CLEARLY IDENTIFIED

INTERCHANGE OF TEAM PRODUCTS AND THE ASSOCIATED
DELIVERY FREQUENCY FOR 1) THE SPACECRAFT HEALTH MONITOR
PROCESS, 2) THE NAV UPDATE PROCESS, AND 3) THE MANEUVER
DESIGN PROCESS WERE PRESENTED AT THE MISSION SYSTEM
CDR - BROOKS MOS PRESENTATION - 9/25/95 (NO CHANGE)

FORCED AEROBRAKING CONTROL PARAMETERS INTO THE ABM
DECISION AND IMPLEMENTATION PROCESS (REMOVED FROM TOP
LEVEL)

MDJ-12
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RESPONSE TO MDT Al #41 (2 OF 2)

RECOMMENDATION IS MADE TO CLOSE Al #41 WITH THE
FOLLOWING PROVISOS:

A) DETAILS OF THE ATMOSPHERIC MODELING PROCESS NEED TO BE
WORKED (IDENTIFIED AT 2ND MGS MARS ATMOSPHERIC
WORKSHOP - 6/18/96):

1) FLIGHT OPS ATMOSPHERIC MODEL UPDATE SUPPORT AND
2) ABM DECISION AND IMPLEMENTATION PROCESS SUPPORT

B) DETAILS OF THE AEROBRAKING CONTROL PARAMETERS
(SPACECRAFT SUBSYSTEM AND TRAJECTORY) CONTAINED IN THE
ABM DECISION AND IMPLEMENTATION PROCESS NEED TO BE
WORKED (QUANTIFIED AND DOCUMENTED - APG OPS PROCEDURE)

1) AEROBRAKING WALK-IN SUB-PHASE

— ABi (i=2,n) TARGET ALTITUDES AND MANEUVER FREQUENCY (RESPONSE TO
ATMOSPHERIC SENSING (DENSITY OBSERVATIONS) AND STRATEGY FOR THE
SELECTION OF THE NEXT ABi ALTITUDE STEP)

2) AEROBRAKING MAIN AND WALK-OUT SUB-PHASES

— CORRIDOR CONTROL LIMITS

HpLow - SPACECRAFT DYNAMIC PRESSURE AND HEATING LIMITS

HpnicH - “GLIDE SLOPE” (TRAJECTORY) PROFILE NECESSARY TO ACHIEVE 2:00 _u_<__<“8\.5
6/28/96
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« REQUIREMENTS FOR INITIATION OF AEROBRAKING OPERATIONS

NOMINAL FLIGHT PROFILE (AEROBRAKING REFERENCE TRAJECTORY)
CONSISTENT WITH THE SPACECRAFT OPERATING ENVELOPE AND

ACTUAL LAUNCH DATE
— ABM DECISION & IMPLEMENTATION PROCESS PRECURSORS

« SPECIFICATION OF AV MAGNITUDE SETS

« SPECIFICATION OF QUATERNION LOOK-UP TABLE PARAMETERS
FUNCTION OF EXPECTED ARGUMENT OF PERIAPSIS MOVEMENT DURING
AEROBRAKING

« ABM CHARACTERIZATION
PLANNED ABM MANEUVER (ADVANCED OR FINAL) - NORMAL OPERATIONS

ADVANCED: MNVR EPOCH > 48 HOURS FROM EXECUTE
FINAL: MNVR EPOCH < 48 HOURS FROM EXECUTE
=> GENERATE S/C TRIGGER COMMANDS AND UPLINK
UNPLANNED ABM MANEUVER - RESPONSE TO A SPACECRAFT ANOMALY
=> AEROBRAKING IS SLOWED
EMERGENCY ABM MANEUVER - RESPONSE TO A MAJOR SPACECRAFT ANOMALY
=> AEROBRAKING IS DELAYED (POP-UP MANEUVER)

JpL MDJ-14
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SAMPLE AV MAGNITUDE AND QUATERNION LOOK-UP TABLE

~Five AV Magnitude Sets Necessary
Walk-in Main Phase - Early
Main Phase - Late Walk-out “Off-the-Shelf” Emergency Mnvr (Single Size)

One “Up” Quaternion Look-up Table and One “Down” Quaternion Look-up Table

AV Magnitude Set (m/s) Up Table (Raise Periapsis) AV Magnitude Set (m/s) Down Table (Lower Periapsis)
Half Size Full Size Double Size Arg Of Direction Half Size Full Size Double Size Arg Of Direction
(1/2 X) (1X) (2X) Periapsis (deg) (Quaternion Table) (1/2 X) (1X) (2X) Periapsis (deg) (Quaternion)
0.5 1.0 2.0 150.0 up ql 92 93 o4 0.5 1.0 2.0 150.0 dn ql 92 93 o4
140.0 . . . . . 140.0 .
270.0 up q1 q2 q3 g4 270.0 dn q1 q2 q3 g4
JPL MDJ-15
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